Purpose: To show that a non-laser light source can be constructed, using a 500 W Tungsten lamp and optical filters, and that this light source produces photodynamic effect via protoporphyrin IX (PpIX) similar to the effect produced by HeNe laser light. Methods: The broad band spectrum from a Tungsten lamp was filtered. Infrared and blue part of the spectrum was discarded by absorption process and the fraction of the spectrum, centered at the red portion, was filtered by an interference filter. Photodynamic effect was studied by the activity on endogenous PpIX of Harderian glands of Wistar rats. Twenty rats were used for the experiment. Each animal had its two Harderian gland surgically exposed, so one of them was treated with the system while the other was kept as control. After a 30 minutes period of treatment, the animals were sacrificed and their glands were removed for histological analysis. This analysis was compared to earlier published results obtained with HeNe laser light. Results: The resultant light source emission was centered around (636 ± 6.5) nm and gives up to 11.3 mW/cm2 power density. It produces photodynamic effect in Harderian gland, observed either by fluorescence spectroscopy or by histological microscopy. Conclusion: There is no noticeable difference in Photodynamic effect results if activated by HeNe laser or by the proposed non-laser light source emitting at the red portion of the spectrum. Key words: Photodynamic Therapy. Lasers. Harderian gland.
Introduction
First information about photodynamic applied to cancer therapy dates from the seventies. Since then, many patients with certain malignant tumors have been treated with Photodynamic Therapy (PDT), presenting results that justify its efficiency 1, 2, 3 . Photodynamic process is obtained by the light action on a photoactive substance, which in the presence of oxygen can causes the destruction of the hostess cell. This technique, characterized by a sequence of physical, chemical and biological effects, has increased its use in cancer treatment.
Molecular oxygen can exist in two possible states: singlet ( 1 O2) and triplet ( 3 O2). The latter is the fundamental and stable state of the molecule, and is mostly found in any cell. Chemically, singlet oxygen is more reactive than triplet oxygen, forming new compounds and releasing energy. Transition from the fundamental state of the oxygen (triplet) to singlet state, results in a destruction of the hostess cell by oxidation of its constituents. This transition (Triplet-Singlet) corresponds to the absorption of an energy equivalent to 1.27 µm, and is not allowed to occur by direct absorption, according to conservation laws of physics (spin conservation). This transition is only possible by nonradiative energy absorption (Fermi resonance). Some substances, known as photosensitizer, like Hematoporphyrin derivative (HpD) and Protoporphyrin IX (PpIX), can absorb photons (around 632 nm) directly and, after a sequence of intersystem energy conversion can promote neighbors triplet oxygen to the excited singlet state 3, 4, 5 .
In the specific case of PDT, the photosensitizer is injected in the patient and is kept inside cancer cells for a time longer than in normal cells. So, the photon absorption and the consequent energy transfer to oxygen will occur only inside cancer cells, as explained above.
In the Harderian gland 6, 7, 8 model, for photodynamic studies, the presence of endogenous protoporphyrin IX eliminates the need of photosensitizer injection 9 . For activating the photosensitizer in photodynamic process, it is necessary to use light excitation in the resonant frequency with the optical absorption level of the substance. Generally, lasers are the most useful equipment in this process, thank to their very high collimation and power density, joined with their excellent monochromaticity. Fast laser development and their prices decreasing discourage the use of lamps for PDT. A few works use non laser light sources for activating photodynamic process 10, 11 remaining unknown, until now, some particularities concerning possible difference in the final effect when the excitation is laser or non laser light. This lack in experimental data encourages the development of non laser light sources for PDT studies.
Methods
With a commercial 500 W tungsten lamp, optical filters and lenses, it has been projected and developed a non-laser light source as sketched in Figure 1 and photographically showed in Figure 2 .
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FIGURE 1 -Schematic of the developed system. All the components are explained in the text FIGURE 2 -Illustration of the optical system developed. Note that in this picture the system includes an optical fiber for special applications, not described in this work FIGURE 3 -Emission spectrum of a 500 W tungsten lamp used for the construction of the non-laser optical system
The emission spectrum of the tungsten lamp is shown in Figure 3 .
This spectrum shows that the light source of the system emits photons from the visible to the near infrared region, in a continuous way.
A fraction of light rays emitted from the lamp is absorbed by the walls or transmitted outside the equipment, causing some losses and converting energy into heat. It was necessary to use micro ventilators in order to cool the developed system. A fraction of the remaining rays go through the sequence of filters and lenses. For this system, it has been used an infrared absorption filter and an interference filter, band-pass centered at 630 nm. We have used two lenses for converging the light beam and another absorption filter in blue and near ultraviolet region (high frequency). The output light beam enters into another lens with variable focus in order to collimate it. All system components were fixed with movable supports in order to permit an optimization of light concentration at the end.
To analyze photodynamic effect produced by the non-laser system we used the Harderian gland of Wistar rats model 9 . A group of 20 Specific Pathogen Free (SPF) Wistar rats, all males, 7 weeks old and body mass from 150 to 200 g, has been submitted to an anesthetic procedure according to ethical international protocols, with intravenous sodium hypinol. Each animal had its two Harderian glands surgically exposed by means of microsurgery. One of the glands was kept as control while the other was treated with the system developed in the present work for 30 minute.
During the treatment period, fluorescence spectrum of both glands (control and treated one) was recorded with a plug-in spectrometer (OceanOptica PC2000). The activation of this fluorescence was done with ultraviolet light (Hg lamp, 20 W, 365 nm).
Immediately after treatment both glands have been removed for histological analysis by optical microscopy. The animals were sacrificed according to established bioethics protocols. 
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At a convenient distance of 27 cm from the last lens of the equipment, almost all output energy is concentrated in an area of 0.93 cm 2 . At this position, with aid of a power meter, it was possible to establish the output power of the system, which was 10.5 mW, giving a power density of 11.3 mW/cm 2 . Since the system is a non laser light source, the beam can not be focused to small areas so, this is the highest power density achieved by the system. By positioning the gland at this focal plane the received energy density (fluence) during a convenient time of 30 minutes was 20.34 J/cm 2 . Figure 5 show histological aspect of a typical healthy Harderian gland (control gland). The analysis characterizes a typical acinar pattern arrangement of the tissue, round nuclei, with clearly defined limits. It is possible to identify the tubules of a normal rat Harderian gland, composed of a single layer of columnar epithelial cells Figure 6 shows the fluorescence spectrum of a control gland, displaying the two characteristic optical band of Pp IX, centered at 636 nm and 708 nm, respectively 12, 13 .
Results
The resultant emission spectrum of the constructed non laser system, recorded with the PC2000 spectrometer, can be seen in Figure 4 , and it displays the characteristic gaussian shape of interference filters, centered at 636 nm with a measured width at half height of 13 nm (636 ± 6.5) nm. The origin of the new fluorescence at 675 nm band is known to be due to formation of fluorescent photoproducts 14 , and indicates Photodynamic activity.
The contra lateral operated Harderian gland, kept as control for 30 minutes, showed neither necrosis nor inflammatory infiltrate. These standard behaviors of both glands have been observed for all animals of the sample. The fluorescence spectrum of this control gland stays unchangeable during the experiment.
Discussion
One important property of laser beam is its high collimation. For instance, a HeNe laser beam can be focused in areas smaller than 0.1 mm 2 , leading to high power densities, even for small lasers. Comparing the final power density of our non laser light source with, for example, the achieved power density of a HeNe laser of nominal power of 7 mW our system is in great disadvantage but, for PDT application in larger areas, the non-laser system can be preferable. For instance, the power density of the HeNe laser, if the beam is expanded to cover an area of 0.93 cm 2 , is 7.53 mW/cm 2 , which is only 67 % of the power density achieved by our system. As a consequence, the required time to irradiate tumor areas of 0.93 cm 2 , to achieve a fixed fluence with the non laser system, will be 23% smaller than the time required by the mentioned HeNe laser.
Other important difference between both systems is the difference in the emitted wavelengths (λ). The HeNe emits a narrow band of light centered at λ = 632.8 nm while the non laser system emits a relatively wide band centered at λ = 638 nm. This affects positively the efficiency of absorption of the light by Pp IX which has a maximum absorption near 638 nm.
The results obtained by Reis et al 9 , using HeNe (λ=632.8 nm) laser light in similar experiment with Harderian gland of Wistar rats were achieved with fluence about 900 J/mm 2 , which is 44.24 times grater than the fluence used in the present experiment. Figure 9 is a photomicrograph of histological section of a treated Harderian gland, after 15 minutes period of HeNe light irradiation. 
Conclusion
The construction of a suitable non-laser light source for photodynamic application, where low fluence is required, is relatively simple. Despite the fact that the light beam from the non-laser source can not be focused to the same limits of laser beam, it can be used in situations where large areas of superficial lesions must be covered.
The use of the non-laser light source in a simple experiment with Harderian gland of Wistar rats, which results achieved with HeNe light is previously know, was fundamental to validated the developed device. The new equipment developed has an effective power density for larger areas (covering surfaces of about 1 cm2), on the contrary of a 7 mW HeNe laser. This is an excellent advance, principally for photodynamic therapy applications in superficial lesions, like skin cancer. Additionally, the emission frequency (correspondent to λ = 636 nm) of the non-laser system is almost resonant with the absorption frequency of PpIX, providing better absorption and, consequently, observable photodynamic effect even at low fluence.
